Glaucoma is the second leading cause of irreversible blindness worldwide.\[[@ref1]\] Globally, an estimated 60 million people were suffered from glaucomatous optic neuropathy, and an approximate 8.4 million people became blind as the result of glaucoma.\[[@ref2]\] In 2020, there will be 79.64 million patients with open-angle glaucoma (OAG) and primary angle closure glaucoma (PACG), with China having 21.82 million (27.40%)-the largest number in the world.\[[@ref3]\] Among researches conducted in Mainland China, in 2003, a population-based study by Ren *et al*. found a glaucoma prevalence of 2.14% in rural population with an age of 50 years or more in Shaanxi Province.\[[@ref4]\] In 2001, the Beijing Eye Study reported that the glaucoma prevalence was 3.6% in the adult population (≥40 years) of Greater Beijing with a ratio of OAG to PACG of 2.6:1 and increased with age.\[[@ref5]\]

To some extent, the hospitalized glaucoma patients could perhaps represent those in the broader population. However, there are distinctive differences between patients with glaucoma in different areas both in Mainland China and abroad and, thus, previous epidemiological studies are not representative. Therefore, we retrospectively analyze the proportion of different types of glaucoma, demographic and clinical characteristics of the patients to provide epidemiologic reference for medical treatment and future prevention in clinics of this disease.

Materials and Methods {#sec1-1}
=====================

The medical records of 1458 patients diagnosed with glaucoma between January 2003 and December 2012 from an ophthalmologic hospital were reviewed and analyzed. Glaucoma was defined according to the International Society of Geographical and Epidemiologic Ophthalmology criteria.\[[@ref6]\] In this definition, criteria for the category 1 cases were a vertical cup/disc diameter ratio (VCDR) or VCDR asymmetry ≥97.5 percentile in the normal population or a neuroretinal rim width (11--1 or 5--7 o'clock) ≤0.1 VCDR and a reliable glaucomatous visual defect. Criteria for the category 2 cases were a severely damaged optic disc without reliable visual field test and a VCDR or a VCDR asymmetry ≥99.5 percentile in the normal population. In the category 1 or 2 cases, there would be no other explanation for the VCDR finding (e.g., dysplastic discs or marked anisometropia) or visual field defect (e.g., cerebrovascular disease, retinal vascular disease, or macular degeneration). Criteria for category 3 cases were subjects with no visual field or optic nerve head data but with a visual acuity \<3/60 and either an intraocular pressure (IOP) ≥99.5 percentile or a history of previous glaucoma filtration surgery.

Initially, according to the principle discharge diagnosis, we divided all the patients into four subgroups such as primary open-angle glaucoma (POAG), PACG, secondary glaucoma (SG), and congenial glaucoma (CG). However, patients with CG were not comparative with those of the other three diagnoses in terms of demographic and clinical data since they tended to be much younger and had little previous history involving chronic disease, and thus were excluded. In addition, this kind of glaucoma was inherited and, therefore, may have little research value in the field of epidemiology and preventive medicine. In general, patients with POAG were identified if optic nerve damage met any of the three categories of criteria above, and there was no evidence of angle closure on gonioscopy and no identifiable secondary cause. Patients with PACG were defined as having an angle in which ≥270° of the posterior trabecular meshwork could not be seen, including both acute and chronic ones.\[[@ref6]\] Corticosteroid-induced glaucoma, neovascular glaucoma, ciliary block glaucoma, glaucomatocyclitic crisis, and glaucoma resulting from ocular trauma were classified as SG.

This study followed the tenets of the Declaration of Helsinki for research involving human subjects and was approved by the Institutional Review Boards of the Ophthalmologic Hospital. In this retrospective study, of all available 1873 cases in archives, we excluded 415 from the analysis because of incomplete information and uncertain diagnosis. Besides, data of 2006 were absent due to some issues related to hospital construction when medical service was suspended. We excluded the case notes when they were fragmentary or the diagnoses were unclear. With respect to patients, only the information of their initial hospitalization was collected. If both eyes had the same diagnosis, we included the data from both eyes in the analysis. If one eye was diagnosed with glaucoma, we only included data of the affected eye. Data collected from the medical records of patients were the basic demographic data which included age at presentation, gender and residence, clinical characteristics such as admission date, IOP (IOP which is measured with a tonometer as part of a comprehensive eye examination), and naked vision (or unaided vision which is measured using an eye chart, optical instruments, or computerized tests), and previous history including injury, cardiovascular disease (cardiovascular disease is a class of diseases that involve the heart or blood vessels, and it includes coronary artery diseases such as angina and myocardial infarction), diabetes mellitus, hypertension (in people aged 18 years or older, hypertension is defined as a systolic and/or a diastolic blood pressure measurement consistently higher than 139 mmHg systolic and 89 mmHg diastolic), smoking, and alcohol consumption.

All data were entered into a standard Microsoft Excel 2010 (Microsoft Corporation, Washington, WA, USA) form designed to collect them, and statistical analyses were subsequently carried out using the SPSS version 19.0 (IBM Corporation, New York, NY, USA). For categorical variables, data were presented in forms of frequencies and percentages, and comparison between groups was done using Chi-square test. Continuous variables were reported as mean ± standard deviation, and the one-way analysis of variance was used to determine the significance of sociodemographic and clinical characteristics of various glaucoma subgroups. The trend in age of patients across time was examined by applying Pearson correlation analysis. To examine the association of glaucoma types with demographic or clinical variables, logistic regression analysis was conducted. Statistical significance was assigned at *P* \< 0.05 (two-sided).

Results {#sec1-2}
=======

A total of 1458 patients (984 right eyes and 981 left eyes) were enrolled. Their mean age was 56.73 ± 18.13 years (range: 1--93 years). Seven hundred forty-two (50.89%) patients were males while 716 (49.11%) were females, giving male to female ratio of 1.04:1. The mean ages of male and female were 53.21 ± 18.91 years and 60.37 ± 16.51 years, respectively (*P* \< 0.001). Of them, 850 (58.30%) patients came from rural areas and the remaining 608 (41.70%) lived in cities.

The yearly amount of study subjects from the three subgroups of glaucoma is shown in [Fig. 1](#F1){ref-type="fig"}. Among them, patients with PACG and SG outnumbered those with POAG at all years, and then accounted for the most common ones of glaucoma with a total number of 662 (45.40%) and 688 (47.19%) patients, respectively. We also analyzed the constituent ratio of the amount of patients with the three different types of glaucoma between each two successive years as well as between 2003 and 2012. The results showed that there was no statistical significance between any of those 2 years (*P* \> 0.05).

![Trend of patient number of the three glaucoma subgroups, 2003--2012](IJO-63-825-g001){#F1}

The mean age of patients with PACG, POAG, and SG was 65.20 ± 11.82, 43.63 ± 18.23, and 50.94 ± 19.52 years, respectively (*F* = 166.206, *P* \< 0.001). As shown in [Fig. 2](#F2){ref-type="fig"}, the average age of all patients with glaucoma changed with respect to time, increasing from 56.05 years in 2003 to 57.83 years in 2012 (*r* = 0.074, *P* = 0.005). Likewise, the correlation between year and average age of patients with SG reached the level of statistical significance (*r* = 0.095, *P* = 0.013). A downward and upward trend of the proportion of patients coming from urban and rural areas, respectively, is shown in [Fig. 3](#F3){ref-type="fig"} with the former decreasing from 53.57% to 40.87% and the latter rising from 46.43% to 59.13% during the given time frame (*t* = 4.473, *P* = 0.029). We performed Chi-square test to examine changes in the proportion of the two groups between two successive years, and no statistical differences had been found among any of them (*P* \> 0.05).

![Trend of average age of patients from three glaucoma subgroups](IJO-63-825-g002){#F2}

![Trend of patient proportion from urban and rural areas, 2003--2012](IJO-63-825-g003){#F3}

The comparison of demographic and clinical characteristics of the patients between 2003--2005 and 2010--2012 is shown in [Table 1](#T1){ref-type="table"}. As can be seen, all of them except gender were significantly different. With regard to age, patients hospitalized during 2010--2012 were older compared to those during 2003--2005 with their mean ages of 58.03 ± 17.07 and 54.76 ± 19.72 years, respectively (*P* = 0.007). Concerning residence, the proportion of patients from rural areas was higher in 2003--2005 than it was in 2010--2012 (*P* = 0.005). With respect to body weight, patients admitted to hospital in the previous 3 years were considerably lighter than those in the latter 3 years (*P* = 0.015). Similarly, the level of systolic and diastolic pressure for those hospitalized during 2003--2005 was lower than those during 2010--2012 (*P* \< 0.001 and *P* = 0.003, respectively).

###### 

Comparison of demographic characteristics of the patients reviewed from 2003 to 2005 versus 2010 to 2012

![](IJO-63-825-g004)

As shown in [Table 2](#T2){ref-type="table"}, patients hospitalized during 2010--2012 were less likely to have a history of injury (*P* = 0.014). A higher percentage of those admitted in the previous 3 years tended to smoke and drink alcohol more than those in the latter 3 years (*P* \< 0.001 and *P* = 0.003, respectively). Likewise, concerning diabetes mellitus and hypertension, the proportion of those in 2010--2012 was higher than their counterparts in 2003--2005 (*P* = 0.002 and *P* = 0.042, respectively). However, changes of affected eyes, IOP, and naked vision between previous and latter 3 years were not obvious and statistically significant (*P* \> 0.05).

###### 

Comparison of clinical profiles of the patients reviewed from 2003 to 2005 versus 2010 to 2012

![](IJO-63-825-g005)

The distribution of the selected characteristics of the three glaucoma subgroups is shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. A higher proportion of patients with POAG and SG tended to be male and live in rural areas (*P* \< 0.001). More of those with PACG had history of cardiovascular disease (*P* ≤ 0.001, odds ratio \[OR\] =2.305) and hypertension (*P* ≤ 0.001, OR = 1.431). Concerning smoking (*P* ≤ 0.001, OR = 2.362) and drinking alcohol (*P* ≤ 0.001, OR = 2.213), the proportion of those from POAG subgroup was higher. Those with SG were more likely to have a history of injury (*P* ≤ 0.001, OR = 13.709) and diabetes mellitus (*P* ≤ 0.001, OR = 2.038).

###### 

Comparison of demographic and clinical characteristics among patients from three glaucoma subgroups, 2003-2012
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###### 

Associations between glaucoma types and demographic and clinical variables (univariate analysis) among patients, 2003-2012

![](IJO-63-825-g007)

Discussion {#sec1-3}
==========

Our study demonstrated that patients with PACG and SG are in the majority accounting for 45.40% and 47.19%, respectively. This is consistent with findings of several previous studies in Mainland China,\[[@ref4][@ref7][@ref8][@ref9][@ref10]\] and it is reported that the prevalence of PACG is highest in Asia.\[[@ref11]\] Zhong *et al*. noted a poor diagnosis rate of POAG at even less than one-fifth compared with that of PACG.\[[@ref12]\] POAG may be due to smaller corneal diameter, smaller anterior chamber depth (ACD), and a more anteriorly placed lens. Over the past several decades, POAG could only be diagnosed when IOP was elevated, which may lead to the underestimated proportion of POAG and the overrated proportion of PACG. In addition, some PACG patients had an acute symptomatic attack and most cases of OAG are asymptomatic and chronic, especially in the early stages, so that many of these patients remain unrecognized until symptoms occur, which leads to lower hospitalization rate compared with those suffering from PACG and SG. SG can be attributed to many factors including injury, diabetes mellitus, and uveitis, which are related to the socioeconomic development as well as changes and expansion of occupational categories. However, as PACG and SG patients may need hospitalization while those with POAG may be managed on outpatient basis, the numbers reported in this study may not represent true prevalence of various glaucomas in the population. In future, more emphasis should be attached to the screening methods and early detection of POAG as well as prophylaxis and treatment of PACG and SG in Mainland China.

All patients with three glaucoma types during 2010--2012 tend to be older than those during 2003--2005 and patients with PACG were the oldest group (65.20 ± 11.82). Lee *et al*. reported in a study involving 200 subjects form Hong Kong, China with acute ACG that the mean age was 69.2 ± 9.9 years, which is comparable to PACG patients in our study.\[[@ref13]\] In the study conducted by Lee *et al*. in Hong Kong, China, the presenting age of the 100 cases of phacomorphic glaucoma was 73.8 ± 10.6 years, which is a little higher than the patients in our research.\[[@ref14]\] Female gender was a risk factor for PACG (OR: 3.226 \[95% confidence interval (CI): 2.602--4.001\]). PACG can be mainly attributed to pupil block, plateau iris configuration, crowding of peripheral anterior chamber, or a combination of these factors together. As in previous reports, age is known to be a risk factor for PACG.\[[@ref15][@ref16][@ref17]\] Gradual thickening and forward position of the crystalline lens and pupil narrowing are consistent with age. In addition, older people tended to have shallower ACD and, therefore, were predisposed to PACG.\[[@ref13][@ref18][@ref19]\] The association between female and PACG was the same as has been previously reported.\[[@ref3][@ref10][@ref16][@ref20][@ref21]\] However, using univariate and multivariate linear regression models as well as receiving operator characteristic curves and the area under the curve, Hsu *et al*. reported that age was an independent associating factor of ACD while sex was not.\[[@ref17]\]

In our study, we find that more patients with PACG had history of hypertension (OR: 1.341 \[95% CI: 1.111--1.842\]) and cardiovascular disease (OR: 2.305 \[95% CI: 1.692--3.142\]), which was inconsistent with previous studies.\[[@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30]\] Gangwani *et al*. reported that patients with PACG (1.1%) were found to be the second most prevalent, followed by POAG (0.5%), which is similar to the results in our study.\[[@ref30]\] Hypertension, diabetes mellitus, and cardiovascular disorders are the most common systemic diseases seen in glaucoma subjects.\[[@ref31]\] The effect of blood pressure on glaucoma reminds a matter of debate. Some studies have indicated that hypertension is associated with glaucoma, especially POAG;\[[@ref23][@ref24][@ref27][@ref29][@ref30]\] however, some found that hypertension was a protective factor, reducing risk of developing glaucoma.\[[@ref22][@ref25][@ref26][@ref28]\] Blood pressure influenced IOP, a well-known risk factor for glaucoma and ocular perfusion pressure (OPP), which regulates blood flow of the optic nerve. In short-term, high blood pressure increases OPP and protects against IOP-induced ischemia. Chronic hypertension impairs ocular blood flow and autoregulation, whose cumulative effect could lead to ganglion cell loss.\[[@ref32]\] Therefore, for glaucoma patients who suffer from hypertension at the same time, it is important to avoid both overtreatment and undertreatment to control OPP in normal limits. The influence of blood pressure on glaucoma needs further investigation.

Many epidemiological studies have investigated the relationship between OAG and diabetes mellitus,\[[@ref33][@ref34][@ref35][@ref36][@ref37][@ref38]\] and some of them provide evidence for a positive association.\[[@ref33][@ref35][@ref37][@ref38]\] We find more patients with SG have history of diabetes mellitus (OR: 2.038 \[95% CI: 1.508--2.754\]) which has not been confirmed by other researches yet. The relationship between glaucoma and diabetes mellitus is complex because different types of glaucoma may be attributed to different pathogenic mechanisms. Diabetes mellitus causes sclerosis of trabecular meshwork, which impedes the outflow of aqueous humor and then leads to elevated IOP and OAG ensue. In addition, disturbance of blood circulation in diabetes patients reduces ocular perfusion and results in optic nerve damage, which leads to the occurrence of normal tension glaucoma (NTG). In addition, lens swells under high glucose condition, giving rise to closure of anterior chamber angle and elevated IOP. And eventually, this contributes to secondary ACG. Last but not least, uncontrolled proliferative diabetic retinopathy will finally cause neovascular glaucoma.

We find that patients with POAG are more likely to be male (74.31%) and have history of alcohol consumption (OR: 2.213 \[95% CI: 1.018--4.811\]) and smoking (OR: 2.362 \[95% CI: 1.129--4.943\]). Wise *et al*. found a positive association between alcohol consumption and POAG\[[@ref38]\] whereas Fan *et al*. reported that alcohol consumption had a protective effect on POAG.\[[@ref39]\] Others, however, failed to found that alcohol consumption was associated with glaucoma or POAG.\[[@ref40][@ref41][@ref42][@ref43][@ref44]\] With regard to the relationship between smoking and POAG, previous studies found either null\[[@ref43][@ref45][@ref46][@ref47]\] or positive\[[@ref28][@ref39][@ref40][@ref42][@ref44][@ref48][@ref49][@ref50]\] correlation between them. The discrepancies may result from difference in race, sample size, and statistical method. Cigarette smoking can be a risk factor for POAG since it produces ischemia and oxidative stress, as well as increases the expression of inflammation (interleukin \[IL\]-6) and apoptosis markers (poly-ADP-ribose polymerase 1, caspase-3) in POAG patients. As a consequence, the progression of the disease accelerates. In Mainland China, the most majority of smokers and drinkers are men, which may, to some extent, explain the relatively high proportion of male patients suffering from POAG.

The most significant drawback of our study is that it was hospital-based rather than population-based. This may, to some extent, just reflect the demographic and clinical characteristics of glaucoma patients in a specific region, instead of the broader population. In addition, the subjects were enrolled retrospectively from the medical records of a regional hospital. Besides, we included the data from both eyes in the analysis; this may create a lot of bias by doubling the effect of a single patient. In addition, the researchers in our research team, the funds we got, and the time of conducting this study were all limited, so we did not choose identical control material without glaucoma when comparing demographic and clinical characteristics among patients from three glaucoma subgroups and when assessing the associations between glaucoma types and demographic and clinical variables. Other limitations of this study include the absence of more advance glaucoma diagnostic tools such as optical coherence tomography and the absence of mentioning NTG which has a high prevalence in South Asia. In future research, a population-based participant source should be considered to avoid a potential referral bias inherent to any hospital-based study. In addition, additional researches in Mainland China are needed to establish the associations between various risk factors and different types of glaucoma.

Conclusion {#sec1-4}
==========

Our study showed that PACG and SG are the major types of glaucoma. Besides, an upward trend can be found in the average age of glaucoma patients as well as in the proportion of those from rural area. In addition, gender, cardiovascular disease, and hypertension seem to have a role in PACG, and POAG was associated with smoking and alcohol consumption. Moreover, there was positive correlation between SG and history of injury and diabetes mellitus.
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